Abstract. Deafness and hearing loss may have functional, economic, social and emotional impacts on humans, including the ability of an individual to communicate with others, feelings of isolation and frustration, and health sector costs. The World Health Organization reported that there are 32 million children worldwide with hearing loss. In order to investigate genetic mutations in children of 26 nationalities with hearing loss in Yunnan, Sanger sequencing was employed to screen for mutations in four of the most common pathological genes, including gap junction protein β2 and 3, solute carrier family 26 member 4 and mitochondrial DNA. Whole exome sequencing was used to detect the mutation in the proband of a family in which these four genes were normal. Subsequently, the mutation was identified by Sanger sequencing. The present study reports a novel mutation, c.718C>G; p. (Arg240Gly) in the melanogenesis associated transcription factor gene, in Han people with hearing loss. The results of the present study may provide parents and children an accurate diagnosis, which may allow physicians to how to rehabilitate children's hearing.
Introduction
Hearing loss (HL), which is a common sensory disorder, may affect humans of all ages, from newborns to the elderly. According to the World Health Organization, >5% of the world's population, 360 million people, have disabling HL (328 million adults and 32 million children) (1) . In China, the office of the Second Sampling Survey on Disabled People reported that there were 27,800,000 people with this disorder in 2006; this disorder is a birth defect that affects ~1 in 1,000 children in China (2) .
HL may be caused by genetic or environmental factors, or a combination of the two, and >50% of cases are caused by genetic factors (3) . With respect to the mode of inheritance, this disorder may be classified as autosomal recessive (77%), autosomal dominant (22%), or X-or Y-linked and mitochondrial inheritance (1%) (4) . There are two clinical types: Syndromic (S)HL and nonsyndromic (NS)HL. SHL is usually distinguished via systemic medical examination (5) ; however, NSHL is frequently classified as SHL by doctors, as NSHL does not display other associated clinical features (6) . NSHL accounts for ~70% of hereditary HL (6) . At present, >80 genes and >100 genetic loci have been implicated in NSHL (7) . In China, the most frequent causative genes, in order of frequency, are gap junction protein β (GJB)2, GJB3, solute carrier family 26 member 4 (SLC26A4) and mitochondrial (mt)DNA for HL (3), and these four genes are screened by doctors in persons with HL. However, certain patients with NSHL do not have mutations in these four genes; certain patients, therefore, remain genetically unexplained. Traditionally, studies into a family pedigree were performed by linkage analysis and candidate gene Sanger sequencing. When the pedigree is very large or very small, it is difficult to identify causative mutations via regular Sanger sequencing for numerous cases of NSHL (8) . Whole exome sequencing (WES), a technique for sequencing all of the expressed genes in a genome, has become an effective alternative strategy (9) .
In the present study, to investigate the genetic causes of deafness in children in the Yunnan province, which has been inhabited by 26 nationalities throughout history, mutations in two deaf families were investigated. A novel mutation in the melanogenesis associated transcription factor (MITF) gene was identified in one family from Yunnan-Guizhou Plateau with two siblings affected by congenital sensorineural HL and heterozygous GJB2 c.235delC del/del variant was detected in another family from Yunnan-Guizhou Plateau with two siblings affected by congenital sensorineural HL.
Case report
Subjects. A total of two consanguineous Chinese Han families from Yunnan-Guizhou Plateau were recruited by the Children's Hospital, Kunming Medical University (Kunming, China), for genetic diagnosis. Within these two families, two siblings suffered from bilateral prelingual deafness, although the hearing of the parents was normal. The present study was approved by the ethics committee of the Children's Hospital, Kunming Medical University; written informed consent was obtained from participants or their guardians.
Clinical evaluations. All clinical and audiometric assessments were performed in the Children's Hospital and First Affiliated Hospital of Kunming Medical University. Pure tone audiometry, auditory brainstem response and distortion product otoacoustic emission were performed. To examine the inner malformation, computed tomography or magnetic resonance imaging (MRI) were employed in the present study. The 250, 500, 1,000, 2,000, 4,000 and 8,000 Hz settings of pure tone audiometry were used to assess the hearing level as follows: Normal [<20 decibels hearing level (dBHL)], mild (20-40 dBHL), moderate (41-70 dBHL), severe (71-95 dBHL), and profound (>95 dBHL) deafness (10) .
WES and variant analysis. Peripheral blood samples (2 ml) in tubes containing 0.2 M EDTA were collected from the siblings and their parents. The peripheral blood samples for each subject were extracted using a blood DNA extraction kit, QIAamp DNA (Qiagen GmbH, Hilden, Germany). Following extraction, DNA was randomly fragmented with DNA enzymes (Tagment DNA Enzyme 1, TruSight One Sequencing Panel Series, Illumina Inc., San Diego, CA, USA) and purified with magnetic beads as described (11) . DNA fragments (80.4 ng/µl) were amplified by ligation-mediated polymerase chain reaction (PCR) as described (11) . Sequences of 'TAAGGCGA' and 'CTCTCTAT' were added using a 10-cycle PCR program. The thermocycling conditions were: An initial denaturation of 98˚C for 30 sec, 10 cycles of denaturation at 98˚C for 10 sec, annealing at 60˚C for 30 sec, extension at 72˚C for 30 sec and a final extension of 72˚C for 5 min (11). The DNA fragments were captured and purified twice using a TruSight One Sequencing panel according to the manufacturer's protocols (Illumina China, Shanghai, China).
Size-selected DNA fragments were amplified by PCR as described (11) . A total of 5 µl PCR Primer Cocktail was added to each well, and 20 µl Enrichment Amp Mix was added. The total volume per well was 50 µl. Subsequently, the mixture was centrifuged at 1,200 x g for 1 min at 4˚C and then at 280 x g for 1 min at 4˚C. The thermocycling conditions were described as aforementioned. Samples were purified to obtain a qualified captured library.
Each resulting qualified captured library was loaded on MiSeq Next 500 sequencing platforms (Illumina Inc.), and high-throughput sequencing for each captured library was performed to ensure that each sample met the desired average sequencing coverage. As an autosomal recessive pattern of inheritance was suspected, the candidates were two affected siblings and their parents who were expected to be heterozygous for the variant. Mutation validation. Sanger sequencing was performed with an ABI3500 sequencer (Applied Biosystems, Thermo Fisher Scientific Inc., Waltham, MA, USA) and PCR; thermocycling conditions: An initial denaturation of 94˚C for 4 min, 32 cycles of denaturation at 94˚C for 30 sec, annealing at 60˚C for 30 sec, extension at 72˚C for 30 sec and a final extension of 72˚C for 7 min (14) . The sequences of forward and reverse primers are presented in Table I and were used to confirm potential causative variants in this family.
Clinical findings
Clinical presentation of family 1. The family included two affected siblings and two unaffected parents. Audiogram analysis of this family revealed that the siblings had bilateral HL. The proband was a 12-year-old boy (II1; Fig. 1A ) with deafness, although MRI analysis demonstrated that the inner ear was normal. When the proband was 6 years old, pure tone audiometry revealed profound bilateral sensorineural HL. The results of the acoustic immittance measurement demonstrated a type A tympanometric curve. The auditory brainstem response at 95 dB and distortion product otoacoustic emission were absent in both ears of the proband. The younger affected sibling, a 2-year-old girl (II2; Fig. 1A ) with severe sensorineural HL, had a normal inner ear and a type A tympanometric curve. The younger sibling had bilaterally absent distortion product otoacoustic emission and a 90-dB auditory brainstem response. The father and mother (45 and 35 years old, respectively) had no HL (I1 and 2; Fig. 1A) . The clinical information for this family is summarized in Table II. The genes GJB2, GJB3, SLC26A4 and mtDNA were sequenced in this family to exclude mutations in the four genes known to be associated with hereditary HL; however, no mutations were detected in these four genes (Table III) .
Clinical presentation of family 2. This family included two affected siblings (a 3-month-old and a 3-year-old, both girls) and two unaffected parents. Sanger sequencing demonstrated a homozygous and heterozygous GJB2 c.235delC del/del variant in the two siblings and unaffected parents, respectively (Table III) .
WES. WES was used to sequence the proband of family 1, and heterozygous MITF c.718C>G and chromodomain DNA helicase binding protein 7 (CHD7) c.5770T>C variants were detected in this proband.
Identification of pathogenic mutation. In family 1, the heterozygous MITF c.718C>G and CHD7 c.5770T>C variants were confirmed by Sanger sequencing. The heterozygous MITF c.718C>G variant was identified in the affected sibling and unaffected mother (Fig. 1C) .
Discussion
In the present study, GJB2, GJB3, SLC26A4 and mtDNA were screened in two families with NSHL, and a novel c.718C>G variation in the MITF gene in family 1 was detected by WES. The MITF gene was named after mice with a mutation in this particular gene (15) , and Hemesath et al (16) demonstrated that MITF functions in melanocyte survival; pigmentation is mediated by MiT family interactions and transcriptional activities. In 1994, a mutation in the MITF gene was detected in humans with HL (17) . According to the study of Yang et al (14) proposed that a MITF mutation (Mitf) database should be created for those with Waardenburg syndrome in the Chinese population. The locus of human and mouse MITF covers 229 kb and starts at ~214 kb from the beginning of exon 1A to the end of exon 9 (including the extended 3' untranslated region), respectively. The MITF/Mitf locus is over 200 kb inlength, with strong but imperfect exon conservation between human and mouse (18) . A total of ≥9 isoforms of MITF/Mitf have been identified, and the expression profile of each isoform varies (19, 20) . MITF/Mitf functions are associated with numerous inherited disorders of humans and mice (21) . Elimination of the MITF-M isoform alone is sufficient to cause deafness and depigmentation (22) .
According to genome databases (grenada.lumc.nl/LOVD2/ for humans, and www.informatics.jax.org for mice), ~89 MITF mutations in human and mouse alleles have been reported. A total of >40 MITF mutations have been identified in a number of people with Waardenburg's syndrome type 2 and in Tietz syndrome families; 9 mutations of the MITF gene were identified in Chinese patients with Waardenburg's syndrome type 2 (14) .
At present, severe or profound HL is frequently treated with a cochlear implant (23) . In particular, when those with HL secondary to GJB2 (or Cx26) (OMIM: 121011) mutations were fitted with cochlear implants, excellent speech and language performance was observed (24) . However, the cochlear implant was only used for analysis study in a large mammal Rongchang pigs with mutations in the MITF gene (25) .
In the present study, the heterozygous c.718C>G variant in the MITF gene was identified in two affected siblings, although it was absent in one unaffected parent. This variant of MITF may be the deafness disease-causing mutation in this particular family.
Congenital causes led to HL in the second child of the family again, although the affected parents were told that the first child has hearing loss. These might be that the parents did not initially receive a genetic diagnosis for the first child, and were thus unaware of the possible inherited nature of this HL. Therefore, the present study aimed to characterize the severity of HL and advise on the use of hearing aids, early identification and prenatal genetic diagnosis to parents in Yunnan. Table III . Gene mutations of family 1 and 2. 
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